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Characteristics of The Wastewater Treatment Processes for The
Removal of Dyes in Aqueous Solution(2)
- Ozonation or ACF Adsorption Treatment of Reactive Dyes -

Myung Ho Han' and Man Woo Huh'

Dept. of advanced materials and environmental engineering, Kyungil University, Kyungsan 712-701, Korea
'School of textile and fashion technology, Kyungil University, Kyungsan 712-701, Korea

(Received: October 12, 2006/ Revised: November 10, 2006/ Accepted: November 17, 2006)

Abstract— This study was carried out to treat the aqueous solutions containing reactive dyes(RB19, RR120 and
RY179) by the Ozone demand flask method and adsorption process using activated carbon fiber(ACF) which are
one of the main pollutants in dye wastewater. Ozone oxidation of three kinds of the reactive dyes was examined
to investigate the reactivity of dyes with ozone, competition reaction and ozone utilization on various conditions
for single- and multi-solute dye solution. Concentration of dyes was decreased continuously with increasing
ozone dosage in the single-solute dye solutions. Competition quotient values were calculated to investigate the
preferential oxidation of individual dyes in multi-solute dye solutions. Competition quotients(CQ;) and values of
the overall utilization efficiency, nOs, were increased at 40mg/l of ozone dosage in multi-solute dye solutions.
ACF(A-15) has much larger specific surface area(1,584m’/g-ACF) in comparison with granular activated carbon
adsorbent (F400, 1,125m’/g-GAC), which is commonly used, and most of pores were found to be micropores with
pore radius of 2nm and below. It was found that RB19 was most easily adsorbed among the dyes in this study.
In the case of PCP (p-chlorophenol) and sucrose, which are single component adsorbate, adsorption capacities of
ACF(A-15) were in good agreement with the batch adsorption measurement, and saturation time predicted of
ACF columns for these components was also well agreed with practically measured time. But in the case of
reactive dyes, which have relatively high molecular weight and aggregated with multi-components, adsorption
capacities or saturation time predicted were not agreed with practically measured values.

Keywords: ozone oxidation, reactive dye, competition quotients, adsorption, activated carbon fiber(ACF)
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Fig. 1. Treatment characteristics of unit operation.
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Table 1. Characteristics of dyes used in this experiment

o] NH;

303Na

o NH

S0,CH,CH,0SO3Na

C. I. Reactive Blue 19(M.W. : 626.54, Wavelength of Amax : 592nm

Cl

N
SOH  Ho  NH—¢
N

\N
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HO3S SO3H

C. L. Reactive Red 120(M.W. : 1,338.07, Wavelength of Amax :

CB*
—N
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HO,S SO3H
543nm

NaO;8

OH

N
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N
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NaOOC SN
NaO;S \r
cl

SO;;Na

C. L. Reactive Yellow 179(M.W. : 771.9, Wavelength of An.c : 409nm
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1. Feed solution

2. Activated carbon fiber packed column
3. Flow meter

4. Sampling port of influent

5. Sampling port of effluent

6. Effluent

Fig. 2. Schematic diagram of bench scale plant.

Table 2. Design parameters of bench scale plant

Items Values Unit
Column diameter 145, 8 mm
Bed depth 100, 270 mm
Column volume 16.5, 13.6 o’

Aqueous flow rate 120, 60 ml/h

Surface loading 73, 119.5 mé/ ci-h

Space velocity(SV) 73, 44 h'!
Upflow velocity 0.72, 0.12 m/h
Empty bed contact time 8.3, 13.6 min

ACF packing density 0.11, 0.12 g/cm
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Fig. 3. Changes of dye concentration with ozone

dosages in single-solute solutions.
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4C; : change in concentration of dye i [mg//]
b; : stoichiometric ratio of dye i [ozone(mg/dye i (mg]

ACO;s : ozone dose for associated time period [mg/ /]
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bs : stoichiometric ratio of dye in single-solute
solution [ozone dose(mg)/dye(mg)]

b, : stoichiometric ratio of dye in multi-solute
solution [ozone dose(mg)/dye(mg)]

C; : change in concentration of dye in single-solute
solution [mg/ 4]

Cy : change in concentration of dye in multi-solute
solution [mg/ 4]

2 03, : consumed ozone in single-solute solution

[mg/!]

203, : consumed ozone in multi-solute solution

[mg/!]
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Table 3. Characteristics of Activated Carbon Fiber(A-15)

Item Value Unit
BET specific surface area 1,584 m'/g-ACF
Total pore volume 0.748 mﬁ_;i(g%)
Assuming cylindrical pore
R = 2xV/5) 0.94 nm
Amount N, adsorbed (V) 363.9 }HgSAT(l;
Adsorption energy const.(C)  264.8 -
322 W84 Yo FLE
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Fig. 9. Adsorption isotherms of dyes on ACF and
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Table 4. Freundlich parameters of ACF and GAC
(20C)

k 1/n

Item (ne/9)/(ue) ¢) (- ) Adsorbent
RB19 8.744 0.4673 ACF
RY179 0.2190 0.9581 "
RR120 0.0492 1.057 "
RB19 0.2465 0.7194 GAC
RY179 3.7x10" 7.674 !
RR120 3.48x10™"° 8376 !

p-chlorophenol 84.25 0.298 ACF
Sucrose 11.63 0.335 "

Table 5. Adsorption capacity and saturation time

F t
q = M‘[ [Ci,t - Ce,t]dt (12)

where,
q: : adsorption amount of substrate for elapsed
time, t[mg-TOC/g-ACEF]
F : flow rate[ £ /h]
t : elapsed time of ACF packed bed [h]
Gy, Cot : TOC concentration of influent and effluent
[mg/{]
M : mass of ACF[g]

A3E Table 59 UrEhH f4=3
Table. 5°ﬂ e A5 & PCP(p-chlorophenol)
9 sucrose TAAE EZEA oY FTHY A&
o8 FAE v dR Y] AP ARE vaust
7] skl AmE dAste] RS Faslth
Table. 5914 H&= nle} o] PCP % sucrose?
A4 BT 2UE olgd FALE ol
& Ao, e
RR120° th&h Zele] &2a
2 20 (12:10C/-ACH
RV 2
LSRR L
aaol g A9l Bagel ug we

Items RB19 RY179 RR120 p-chlorophenol” sucrose”

Batch adsorpti t,

atch acsorption amotn 233 297.52 64 156.6 2336
qi(mg-TOC/ g-ACF)
Column adsorption amount, 96" 5.5 20" 1341 208
qu(mg-TOC/g-ACF)
Theoretically calculated

o 82 59 209.6 63.9

saturation time, to(h)
Practical saturation time, to(h) N.E? N.E? 26 2105 61.6

1) Adsorption amount up to theoretically calculated saturation time, to

2) Not estimated
3), 4) Reference data
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where,
po : packing density of ACF [mg/{]
qo : the amount adsorbed(dye) in equilibrium
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C, : inlet concentration of dye [mg-TOC/ /]
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